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Abstract

Fast ripening of fruits is one of the main hindrances to peach preservation. Even though the use of cold storage has extended
commercialization periods, fruit quality is affected during storage. This study aimed at evaluating the influence of application of
salicylic acid (SA) during cold storage, followed by commercialization simulation, regarding physical and chemical characteristics of
‘BRS Kampai’ peaches, which were harvested in the 2017 crop. The experiment was conducted in a completely randomized factorial
design (4x3: SA concentrations x storage days), with four replications of ten fruits each. SA was applied at the following
concentrations: 0, 2, 4 and 6 mM. Afterwards, fruits were submitted to cold storage at 1+0.52C and 80-85% relative humidity.
Analyses were carried out on harvest day, on the 10th cold storage day, followed by a day at room temperature (202C) and on the
20th cold storage day, followed by a day at room temperature. Fruits were evaluated in terms of their mass loss, epidermis color,
chromatic hue, pulp firmness, soluble solids (SS), pH and titratable acidity (TA). Both application of SA and cold storage contributed
to decrease mass loss and TA, besides increasing the SS/TA relation. Fruits which were stored for 20 days and kept at room
temperature for a day exhibited the highest values of SS and the lowest values of both brightness and pulp firmness. SA was
efficient to maintain the quality of ‘BRS Kampai’ peaches submitted to cold storage for 10 and 20 days and an extra day of
commercialization simulation.

Keywords: Prunus persica (L.), preservation, fruit farming
Abbreviations: SA_Salicylic Acid; SS_Soluble Solids; TA_Titratable acidity; L*_Brightness; a*_Red/green coordinate; b*_yellow/ blue
coordinate; Ratio_Result of the SS/TA relation

Introduction

Peaches have been characterized as extremely perishable Thus, the cultivar ‘BRS Kampai’, whose origin is the crossing
fruits which may have their quality highly affected if there is between cultivars ‘Chimarrita’ and ‘Flordaprince’, was
no adequate post-harvest management (Cantillano, 2014). developed by the Embrapa Clima Temperado, in Pelotas, Rio
They are climacteric fruits of high perishability that undergo Grande do Sul (RS) state, Brazil, to bear sweet, white-
senescence acceleration after harvest, when water loss fleshed, semi-cling stone, slightly acid peaches which are
increases and quality decreases during storage. As a result, recommended for fresh consumption (Raseira et al., 2014).
peaches need to be consumed or commercialized In order to extend commercialization time of peaches,
immediately after harvest; if the offer period must be mainly the ones borne by cultivars that aim at the fresh fruit
extended, some method of cold storage should be used market, salicylic acid (SA) has been used for regulating plant
(Pinto et al., 2012; Pegoraro et al, 2016). Among growth (Taiz et al., 2017). SA has a broad role as a signaling
commercial methods of fruit preservation, refrigeration with molecule in plants, since it activates several forms of
temperature and relative humidity controls are the most resistance (Asghari and Aghdam, 2010). When it is applied
common one (Pegoraro et al., 2010; Pinto et al., 2012). exogenously, this molecule has been considered an
In peach commercialization, production of high-quality fruit alternative to mitigate senescence in some plant species.
is fundamental. Cold storage aims at maintaining maximum Many studies of post-harvest periods of fruit, such as
fruit quality. Trevisan et al. (2010) report that certain peaches (Barreto et al., 2016), blaclberries (Borsatti et al.,
attributes, such as size, color, taste and absence of defects, 2015), strawberries (Ghaderi, et al., 2015; Salari et al, 2012),
attract consumers and are decisive factors when they buy oranges (Rossarolla et al., 2012) and apples (Quaglia et al.,
fruits. In the fresh fruit market, some great consumer 2011) used SA and showed that this compound is capable of
centers, such as the southeastern region in Brazil, prefer decreasing post-harvest loss. SA has been related to
sweet white-fleshed peaches (Almeida and Durigan 2006). senescence retardation, since it has an antagonistic effect on
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ethylene biosynthesis and may decrease its production in up
to 30% (Imran et al., 2007; Khademi et al., 2012). Application
of SA increases fruit resistance to injuries caused by the cold
(Luo et al., 2011), keeps pulp firmness (Asghari and Aghdam,
2010) and inhibits enzymes that are responsible for cell wall
and membrane degradation (Zhang et al., 2003). It should be
highlighted that AS is considered safe for consumers
(Supapvanich and Promyou, 2013) because it is a natural
component of fruit (Belitz and Grosch, 2004). Studies of
preservation techniques, along with cold storage, are
important not only to extend peach preservation and post-
harvest quality but also to enable the best conditions of
commercialization to be employed (Mazaro et al.,, 2015).
Therefore, this study aimed at evaluating the quality of 'BRS
Kampai' peaches submitted to different SA concentrations in
post-harvest and to distinct cold storage periods followed by
a day of commercialization simulation.

Results and discussion
Mass loss

SA application decreased peach mass loss in both storage
periods (Figure 1). In the storage period 10+1, the lowest
mass loss was exhibited by the concentration of 2 mM SA.
However, in the storage period 20+1, the highest SA
concentrations, i. e., 4 and 6 mM, were the ones that led to
the best results. Decrease in fruit fresh mass results from the
natural senescence process throughout the storage period.
According to Alves et al. (2010), fruit mass loss, which is
mainly caused by decrease in water through transpiration
and respiration processes, leads to decrease in product
quality. SA may influence permeability of the plasma
membrane of the pericarp indirectly and, thus, lead to low
water loss in the form of vapor to the environment
(Rossarolla et al., 2012). Similar results were found in
strawberries to which SA was applied at different
developmental stages (Lolaei et al., 2012) and in peaches
stored at cold temperatures (Khademi et al., 2012).

Firmness of peach pulp

Regardless peach pulp firmness, both concentrations of 2
mM and 6 mM SA were the ones that exhibited the best
results on the 10+1 day, while 6mM was the concentration
that kept it longer (Table 1). Even though application of SA
does not follow a certain trend, maintenance of pulp
firmness was observed. It may have happened because SA is
related to ethylene inhibition in the ripening process; thus, it
inhibits degradation of enzymes that decrease fruit softening
(zhang et al., 2003; Asghari and Aghdam, 2010). Concerning
storage periods, pulp firmness decreased after cold storage
(Table 1). Decrease in peach pulp firmness occurred due to
solubilization of cell wall components (Pegoraro et al., 2016).
These results agree with the ones found by Barreto et al.
(2017).

Titratable acidity and ratio

Regarding TA, treatments whose concentrations were 2 and
6 mM SA had the highest acidity values on the 10+1 day
(Table 2). However, on the 20+1 day, 6 mM SA was the
concentration that led to the lowest acidity, it is evidence of
higher ripening when fruits are stored for a longer period.
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Since TA is composed of concentrations of organic acids in
cells, their contents tend to decrease in the ripening process,
because they are either used as a substrate in the
respiratory process or converted into sugar. This decrease
may also be related to the use of citric acid as respiratory
substrate (Barreto et al., 2016).

Concerning the SS/TA relation, the treatment that exhibited
the best result on the 10+1 day was the dose of 4 mM SA,
even though it did not differ from the control treatment.
When fruits were stored for 20+1 days, the dose of 6 mM SA
resulted in the highest value. In general, peaches whose
SS/TA values were equal or above 20 taste good (Cantillano
et al., 2014). Thus, all treatments kept contents of SS and
SS/TA in a normal range in the case of fruits borne by peach
trees.

Parameters of luminosity, soluble solids, color, pH and
Chroma

There was no interaction between storage periods and SA
concentrations in the case of the following variables: SS,
luminosity (L*), °Hue, pH and Chroma. Thus, effects of
storage time and SA concentrations are introduced and
discussed separately (Table 3).

SS of peaches exhibited their highest values in the control
treatment, whereas the treatment with 2 mM SA led to the
lowest value of SS (Table 3). In general, SA concentrations
decrease SS in fruits because they retard ripening. Khademi
et al.,, (2012) applied doses of 1 and 2 mM SA to peaches in
post-harvest and decreased their SS in cold storage.

Values of SS increased throughout cold storage periods
(Table 3). Increase in SS during storage may be due to the
loss of mass that concentrates fruit juice (Moreno et al,
2008).

Regarding epidermis luminosity (L*), no alteration was
observed after treatments with SA application (Table 3).
However, this variable exhibited change related to storage
periods, i. e., fruits decreased values of luminosity as storage
days went by. According to Brecht et al. (2007), epidermis
darkening occurs as the result of oxidation reactions of
phenolic compounds found in plant tissue.

Values of pulp pH were influenced neither by treatments
with SA nor by cold storage. pH represents direct
concentration of H* ions in solutions. According to
Alcobendas et al. (2013), this attribute in peaches depends
more on their orientation in plants and on sunlight
exposure; besides, it usually decreases as diameters of fruits
increase.

°Hue expresses differences in the color of fruit epidermis
(saturation) and enables changes in colors, from green to
yellow, to be observed (Azzolini et al., 2004). The CIELAB
system states that high °Hue values in peaches show
greenish epidermis and that, the lower the value, the redder
the fruit. Table 3 shows that neither SA application nor
storage periods exhibited significant difference. i. e., they
did not influence peach color. These results corroborate the
ones found by Tareen et al. (2012) and Silva et al. (2016),
who reported that epidermis color of peaches was not
influenced by SA concentrations.

Chroma is the variable that defines color intensity, but SA
concentrations exhibited no differences (Table 3).
Considering storage periods, on the 20+1 day, chromatic



Table 1: Pulp firmness (N) in fruits borne by ‘BRS Kampai’ peach trees submitted to different SA concentrations and to distinct cold
storage periods.
Pulp firmness (N)

Control 26.73 aA 14.19 bB 8.91 bC
2 mM de SA 26.73 aA 19.39 aB 11.72 aC
4 mM de SA 26.73 aA 14.33 bB 11.17 baC
6 mM de SA 26.73 aA 18.44 aB 9.85 baC
CV (%) - 7.96 7.96

Means followed by the same capital letter on a line and small letter in a column do not differ by the Tukey’s test at 5% error
probability. CV (%): coefficient of variation.
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Fig 1. Graph of percentages of mass loss, salicylic acid doses (0, 2, 4 and 6 mM) applied postharvest, storage periods (harvest day,
10 and 20 days at 1 + 0.5° C) and 1-day shelf life simulation (20+1° C). UFPel, Pelotas, RS, Brazil.

Table 2. Titratable acidity (TA) and soluble solids/titratable acidity ratio (SS/TA) in pulp of fruits borne by ‘BRS Kampai’ peach trees
submitted to different SA concentrations and to distinct cold storage periods.

Titratable acidity (TA) (g of citric acid/100mL juice)

Harvest day Day10+1 Day20+1
Control 0.35 aA 0.47 abB 0.53 aC
2 mM de SA 0.35 aA 0.51 aB 0.51 aB
4 mM de SA 0.35 aA 0.43 bB 0.50 aC
6 mM de SA 0.35 aA 0.50 aC 0.45 bB
CV (%) - 5.94 5.94
SS/TA
Control 32.87 aA 31.00 abA 28.34 abA
2 mM de SA 32.87 aA 24.50 cB 27.95 abAB
4 mM de SA 32.87 aA 32.01 aA 27.85 bA
6 mM de SA 32.87 aA 26.23 bcB 33.47 aA
CV (%) - 9.61 9.61

Means followed by the same capital letter on a line and small letter in a column do not differ by the Tukey’s test at 5% error
probability. CV (%): coefficient of variation.

Table 3. Contents of soluble solids (SS), epidermis luminosity (L*), pH, epidermis color (°Hue) and chroma in pulp of fruits borne by
‘BRS Kampai’ peach trees submitted to different SA concentrations and to distinct cold storage periods.

Treatments SS L* pH (°Hue) Chroma
Control 13.68a 64.75" 4.51ns 75.58ns 30.82ns
2 mM de SA 12.76 b 64.70 3.99 77.66 30.78

4 mM de SA 13.06 ab 65.15 4.05 75.03 30.63

6 mM de SA 13.19 ab 65.65 4.00 77.28 30.82
Periods

Harvest day 115¢c 68.54 a 4.06" 77.76" 28.71a
Day 10+1 13.5b 63.34b 4.34 74.28 31.18b
Day 20+1 146a 63.30b 4.02 77.13 32.40¢c
CV (%) 6.04 3.49 20.75 6.95 3.73

Means followed by different letters in columns differ by the Tukey’s test at 5% error probability. CV (%): coefficient of variation. ns:
non-significant at 5% error probability.
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intensity was higher, a fact that shows the highest level of
fruit ripening.

Materials and methods
Area of experiment and plant material

The experiment was carried out in the Laboratory of Fruit
Quality that belongs to the Universidade Federal de Pelotas,
located in Capdo do Ledo, RS, Brazil, with peaches borne by
the cultivar ‘BRS Kampai’. Fruits that had lesions and little
weight were discarded so as to homogenize samples.

Treatments and experimental design

The experiment was conducted in a completely randomized
factorial design (4 SA concentrations x 3 storage periods),
with four replications of ten fruits each. The following SA
concentrations were applied to the peaches: T1: 0 mM
(Control treatment); T2: 2 mM; T3: 4 mM; and T4: 6 mM,
which were previously solubilized in 20 mL ethylic alcohol.
Fruits were sprinkled on both sides by a manual pressure
sprayer. On average, 2 mL solution with SA was applied to
every fruit. After application of SA, peaches were stored in a
cold chamber at 1+0.52C and 80-85% relative humidity.
Analyses were carried out in the following periods: on
harvest day; on the 10th cold storage day, followed by a day
at room temperature (202C), to simulate commercialization
time (10+1); and on the 20th cold storage day, followed by a
day at room temperature (20+1).

Traits under evaluation

The following variables were analyzed: fresh mass loss,
which was determined by the difference between fruit mass
at harvest time and in the period of fruit quality evaluation,
expressed as percentage (%); surface color, which was
measured on the medium part of the sample by a Minolta
CR-300° colorimeter, with a D65 light source, readings of
coordinates L*, a* and b* and shade or chromatic hue
represented by the hue angle (H2); chroma, which was the
relation between values of “a” and “b”; pulp firmness, which
was measured by a manual TR TURONI-Italy penetrometer,
model 53205, with an 8-mm tip, in two opposite spots in the
equatorial area of fruits, expressed as Newtons (N); soluble
solids (SS), which were determined by an Atago® digital
refractometer, expressed as 2Brix in juice; titratable acidity
(TA), which was determined by diluting 10 mL juice in 90 mL
distilled water that was titrated up to pH 8.1 with NaOH 0.1
mol/L (results were expressed as percentage of citric acid);
and hydrogenionic potential (pH), which was measured by a
Quimus® pHmeter.

Statistical analysis

Resulting data were submitted to the analysis of variance by
the F-Test and means were compared by the Tukey’s test,
where p<0.05. The Sisvar software was used for conducting
the statistical analysis (Ferreira, 2014).

Conclusion

SA alters pulp firmness and helps to decrease fruit mass in
peaches submitted to cold storage. Luminosity, epidermis
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color and pH are not affected by SA application. Epidermis
luminosity decreased throughout storage periods.

Results show that both SA application and cold storage are
alternatives to keep fruit quality and, consequently, to
preserve peaches for a longer period after harvest. However,
further studies should be carried out to adjust these
techniques to post-harvest technology for peaches.
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